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PreviewsGemin 6 and 7 Lend a Hand
to snRNP Assembly
A structure of the Gemin 6 and 7 heterodimer (Ma et
al., [2005], this issue of Structure) suggests how the
survival of motor neuron (SMN) complex might facili-
tate the assembly of snRNPs that play important roles
in pre-mRNA splicing.
Assembly of RNAs and proteins into large functional
particles, such as the ribosome and the spliceosome,
is a formidable task for cells. In the case of the spliceo-
some, five large RNA protein complexes (U1, U2, U4,
U5 and U6 snRNPs) are responsible for the removal of
the non-coding sequences (introns) from protein-encod-
ing eukaryotic genes. The RNA components (U1, U2,
U4, and U5 snRNAs) of four of these snRNPs are first
transported from the nucleus to the cytoplasm where
the set of seven Sm proteins (B/B#, D1, D2, D3, E, F,
and G) binds to each snRNA forming a ring-like core
domain around the Sm site (a short uridine-rich se-
quence present in these snRNAs) (Kambach et al.,
1999) (Figure 1). Subsequently, the 7-methyl-G cap of
the snRNA is converted to a 2,2,7-trimethyl-G cap. Sm
protein association and 5#-cap hypermethylation are
both required for the import of the snRNP into the nu-
cleus where the final maturation of snRNPs occurs.
In vitro, the U1 and U2 snRNPs spontaneously as-
semble when the appropriate RNA and protein compo-
nents are combined (Will et al., 1996; Muto et al., 2004).
However, the formation of spliceosomal snRNPs in vivo
is accomplished by an elaborate assembly system in-
volving the 6S pICln complex, the 20S methylosome,
and the hetero-disperse 30-70S SMN complex (Meister
et al., 2002; Yong et al., 2004b). The Sm proteins do not
exist freely in the cytoplasm, but instead associate with
the protein pICln in a 6S complex (Friesen et al., 2001).
pICln interacts with the Sm domain of the Sm proteins
and possibly prevents non-specific binding of Sm pro-
teins to other RNAs. pICln may also play a role in re-
cruiting Sm proteins to the 20S methylosome, which proteins or a subcomplex of them might interact on
Figure 1. A Possible Mechanism for snRNP
Assembly in the SMN Complex
A model for the snRNP core domain (left)
consisting of seven Sm proteins (Kambach
et al., 1999). Gemin 6 and Gemin 7 found in
the SMN complex have the Sm protein fold
and form a heterodimer through paring of
their two outermost β strands as in an Sm
protein dimer (right) (Ma et al., 2005). In the
SMN complex, Sm proteins may be added
onto the Gemin 6/7 heterodimer to nucleate
the core domain assembly.contains pICln, MEP50 (WD40 protein), and JBP1 or
PRMT5 (arginine methyl transferase) (Meister et al.,
2002; Yong et al., 2004a, 2004b). Three of the Sm pro-
teins (B/B#, D1, and D3) contain Arg-Gly repeats in their
extended C-terminal tails. These arginines are con-
verted to symmetric dimethyl arginines within the 20S
methylosome (Friesen et al., 2001). Methylation in-
creases the affinity of the Sm proteins for the SMN
complex, the final complex formed in the assembly
pathway (Brahms et al., 2001; Friesen et al., 2001). The
SMN complex is composed of the SMN protein and
Gemin proteins 2 to 7 (Meister et al., 2002; Yong et al.,
2004b; and references therein). Associating with all
seven Sm proteins and the four snRNAs, the SMN com-
plex facilitates core domain formation in an ATP-depen-
dent and step-wise manner (Meister et al., 2002; Yong
et al., 2004b). The high-affinity SMN binding regions of
U1, U2, U4, and U5 snRNAs have been identified (Yong
et al., 2004b). In U1 snRNA, stem-loop I is sufficient
whereas the minimal SMN binding regions of U2, U4,
and U5 snRNAs contain the Sm site and at least one
well-defined stem-loop structure. Therefore, in addition
to providing a structural platform for the Sm proteins
and snRNAs to interact, SMN confers specificity to the
process (Pellizzoni et al., 2002).
Ma et al. report in this issue the crystal structure of
the Gemin 6/7 heterodimer, a subcomplex within the
SMN complex. The structure gives important insight
into how Sm proteins might be recruited to the SMN
complex and how the core domain may be assembled.
Although Gemin 6 and Gemin 7 exhibit no significant
sequence similarity to Sm or Sm-like proteins, they
show strong structural resemblance to the Sm-fold, a
highly bent 5-stranded anti-parallel β sheet flanked by
an N-terminal helix. Reminiscent of the human Sm pro-
tein heterodimers D1D2 and D3B (Kambach et al., 1999),
Gemin 6 and Gemin 7 dimerize head-to-tail through their
outermost β strands to form a continuous 10-stranded
anti-parallel β sheet. Ma et al. also show that the Gemin
6/7 dimer can interact with B, D2, D3, and E in GST
pull-down experiments. The dimeric arrangement of
Gemin 6/7 immediately suggests that individual Sm
Structure
834either edge of the Gemin 6/7 dimer to form an open ring e
ior a closed heptameric ring similar to the core domain
(Kambach et al., 1999) (Figure 1).
ASMN is the only other component of the SMN com-
Mplex for which structural information is available (Sel-
Henko et al., 2001). Its Tudor domain also exhibits struc-
Ctural similarity to the Sm proteins. It was originally
Uproposed that the Tudor domain interacts with Sm pro-
teins through pairing of β strands as proposed here for
the Gemin 6/7 dimer (Selenko et al., 2001). However,
Savailable experimental data show that the methylated
C-terminal tails of D1 and D3 rather than the Sm do- B
main play more crucial roles in Sm protein binding to L
the SMN Tudor domain (Brahms et al., 2001; Friesen et F
Val., 2001; Yong et al., 2004b). Presumably, the SMN Tu-
Mdor domain first recruits the Sm proteins by binding to
Kthe methylated C-terminal tails and then the Gemin 6/7
Rdimer interacts with the Sm domain of the Sm proteins
3
to present them for further association with snRNA and
M
other Sm proteins (Pellizzoni et al., 2002). t
The paper by Ma et al. represents an important step M
toward understanding the role of the SMN complex in 4
snRNP assembly. The structure of the Gemin 6/7 dimer M
raises several interesting questions. Do the compo- R
3nents of the SMN complex assemble into a stable
Pstructure amenable to crystallography and single par-
1ticle electron cryo-microscopy or are they mostly teth-
Sered through flexible linkers? Does the SMN complex
S
simply increase the local concentration of the compo-
W
nents of snRNPs thereby facilitating their assembly? Or L
does it function as a mold or an ATP-driven machine Y
and, if so, how are the assembled snRNPs released? (
This is an exciting start that raises many questions; fur- Y
2ther structural work on the SMN complex will undoubt-dly provide some answers and more crucial insight
nto the biogenesis of ribonucleoprotein particles.
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